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Abstract 

Using mean field theory, the effect of the transverse magnetic field on the layering 
and wetting transitions of the spin- 1/2 Ising model with longitudinal magnetic field is 
studied. At a fixed value of the temperature smaller than the wetting temperature, such 
system exibits a sequence of layering transitions above a critical value of the transverse 
magnetic field, wich depends on the temperature and surface magnetic field. 
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1 Introduction 

Several authors have studied the wetting of spin— 1/2 Ising model in a transverse magnetic 
field. Much attention has been paid to the properties of layered structures consisting of al- 
ternating magnetic materials. The most commonly studied magnetic multilayers are those of 
ferromagnetic transition metal such as Co or Ni. Many experiments have shown that the mag- 
netization enhancement exists in multilayered films consisting of magnetic layers. It was found 
that ferromagnetic coupling can exist between magnetic layers. From the theoretical point of 
view, great interest has been paid to spin wave excitations as well as critical phenomena. The 
study of thin films is partly motivated by the development of new growth and characterization 
techniques, but perhaps more so by the discovery of many exciting new properties, some quite 
unanticipated. These include, more recently, the discovery of enormous values of magnetoresis- 
tance in magnetic multilayers far exceeding those found in single layer films and the discovery of 
oscillatory interlayer coupling in transition metal multilayers. These experimental studies have 
motivated much theoritical work. However these developments are to a large extent powered 
by << materials engineering >> and the ability to control and understand the growth of thin 
layers only a few atoms thick. Multilayer films adsorbed on attractive substrates may exibit a 
variety of possible phase transitions, as has been reviewed by Pandit et al, and Ebner et al. 
This paper is organized as follows. Section 2 describes the model and the method. In section 
3 we present results and discussions. 
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2 Model and method 



We consider N coupled ferromagnetic square layers in a transverse and longitudinal magnetic 
fields. The Hamiltonian of the system is given by 



h = - E Jvs;s; - J2(ns* + h^) 

<i,j> i 



(1) 



where, Sf, (a = x, z) are the Pauli matrices, Q is the transverse magnetic field in the x direction 
and Hi is the magnetic field in the z direction, defined by: 

H + H sl for i = 1 
H — l H for 1 < % < N (2) 

H + H s2 for i — N 

The surface magnetic field H sl is applied on the first layer (i = 1), the last layer (i = N) is 
under a surface magnetic field H s2 and H is the bulk magnetic field. 
We introduce the effective field 



where 



H e ff = -]T#o = - EMf + sis?) 



ki — E] JijSj + Hi, 



and using the Pauli matrices one can write : 

/ 



m 



The eigen values of the Hamiltonian Hf are given by : 



V 



(3) 



(4) 



(5) 



xf = ±vWTtr 

The magnetization per site can be written as 

TrSj exp(-^ e// ) _ Ak { + Xj) 2 - SI 2 
m Trexp(-/^ e// ) (h + \f) 2 + Q, 2 



(6) 



t&nh(pJk 2 + n 2 ). 



(7) 
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3 Results and discussion 



3.1 Ground state in the absence of the transverse magnetic field 

We focus our interest on a system corresponding to the case J// = Jj_ = J. The ground states, 
in absence of the transverse magnetic field, of the system are plotted in Figs, la, lb. Indeed, the 
Fig. la illustrates the ground state of the system with a surface magnetic field H s i/J, applied 
on the first layer, whereas the last layer is under a surface magnetic field H s2 / J = —H sl /J. 
The start point is a situation where all spins are down, O n . For H sl /J > 1, we have three 
transitions namely; the first transition, N <-> 10 N ^, arises for H/J = 1 — H s i/J , the second 
transition, lO^ -1 <->■ l^^O, occurs for H/J = 0, while the last transition 1 N ~ 1 <-> 1^, 
occurs for H/J = 1 + H sl / J. Thus, for H sl / J < 1, we have only one transition, N <-> 1^. 
The notation VO N ~ p is a situation where p layers are spin-up while N-p layers are spin- 
down. The Fig. lb shows that the transitions arise for values of H s i/J above a critical value, 
H c sl /J = N/(N-1). Indeed, for H sl /J < H c sl /J, we find only one transition, N 1^. While 
for H s i/J > H r sl / J, the first transition, N <-> 10 N ~ 1 , exists for H/J = 1 — H sl /J, and the 
last transition, <-> 1^, can be seen for H/J = —1/(N — 1). 

3.2 Phase diagrams 

The system we are considering is formed with N ferromagnetic layers of a spin— 1/2 Ising model 
with free bound conditions. In order to examine only the effect of the transverse magnetic field, 
Q/J, on the wetting and layering transitions, we fixe the temperature, T/J, at a value less than 
the wetting temperature, T w / J. However, by increasing Q/ J we show the existence of a critical 
value, Q w /J, above which a sequence of layering transitions occurs. This is called the wetting 
transverse magnetic field, which depends on the value of the temperature and the surface 
magnetic field, H sl /J. On the other hand, when T/J > T w /J, the layering transitions exist in 
absence of the transverse magnetic field, this means that the temperature effect is sufficient to 
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produce layering transitions. 

Fig. 2a shows the existence of a wetting temperature, T m j J, above which the layering transitions 
occurs, while for T/J< T w /J there is only one layer transition. The phase diagram, which 
is displayed in Fig. 2b, shows that the layer transitions are found for Q/J > Vl w /J with 
increasing transverse magnetic field and fixed temperature. The wetting transverse magnetic 
field Q w /J, decreases when increasing temperatures, and it increases when decreasing surface 
magnetic field values, and vice versa . Thus, the first and last layer transitions occcur in the 
absence of the transverse magnetic field, but only in the presence of the bulk magnetic field 
(Fig 2c). The other layering transitions arise for increasing transverse magnetic field. It is also 
interesting to examine the case corresponding to H s2 /J = 0. The phase diagrams in the plane 
(if/ J, Q/ J) are plotted in figures 3a, 3b. The Fig. 3a is related to the situation: H sl / J < H c sl / J 
while the Fig. 3b corresponds to H s \/J > H c sX j J . From Fig. 3a, we find that the layering 
transitions exist only for values of the transverse magnetic field greater than a critical value, 
which depends of the temperature and surface magnetic field. Fig. 3b shows that the first 
layering transition arises although the absence of the transverse magnetic field, but only for 
increasing bulk magnetic field. The other layer transitions occur when increasing the transverse 
magnetic field, at fixed values of the temperature and surface magnetic field. Furthermore, the 
phase diagram in (T/J,Q/J) plane is presented in Fig. 4. However, the wetting transverse 
magnetic field, J, decreases with increasing temperature and/or decreasing surface magnetic 
field, and the wetting temperature, T w /J, decreases with increasing transverse magnetic field 
and/or decreasing surface magnetic field. 

In conclusion, we have studied the effect of the transverse magnetic field on the layering and 
wetting transitions of a spin— 1/2 Ising model in a longitudinal magnetic field. However, we 
have shown that the layering and wetting transitions appear above a critical transvere field, 
Vt w / J, which is a function of the temperature and surface magnetic field. 
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Figure Captions 



Figure 1.: Phase diagrams for T = and Q = in the (H/ J,H sl / J) plane (N=20 lay- 
ers) 

a) H s2 /J = -H sl /J 

b) H s2 /J = 

Figure 2.: Phase diagrams for H s2 / J = —H sl / J and N = 20. 
&)H al /J = 0.8,Q/J = in the (H/J,T/J) plane. 

b) H sl /J = 0.8,T/J = 2.0 in the (H/J, Q/J) plane. 

c) H sl /J = 1.2,T/J = 2.0 in the (H/J,Q/J) plane. 

Figure 3.: Phase diagrams for H s2 /J = 0, T/J = 2.0 and N = 20 in the (H/J, SI/ J) plane. 
&)H al /J = 0.9 
b)H sl /J= 1.6 

Figure 4.: Phase diagram in (T/J, Q/J) plane, for both cases: (H s i/J = 0.8,H s2 /J = 
-H sl /J) and (H sl /J = 0.9, H s2 /J = 0.), and N = 20. 
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Fig. 2b 
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Fig. 2c 
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